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Abstract 

Spin-dependent parton distributions in the polarized virtual photon 
are investigated in QCD up to the next-to-leading order (NLO). In the 
case <^ P^ <^ Q^, where —Q^ (— -P^) is the mass squared of the probe 
(target) photon, parton distributions can be predicted completely up to 
the NLO, but they are factorization-scheme-dependent. Parton distri- 
butions are analyzed in four different factorization schemes and their 
scheme dependence are discussed. Particular attentions are paid to the 
axial anomaly effect on the first moments of quark parton distributions, 
and also to the large-x behaviors of the parton distributions. Gluon 
distribution in the virtual photon is found to be factorization-scheme 
independent up to the NLO. 



*e-niail address: sasaki@ed.ynu.ac.jp 
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In the past few years, the accuracy of the experimental data on the spin depen- 
dent structure function gi of the nucleon has been significantly improved Using 
these experimental data together with the already existing world data, it is now 
possible to extract polarized parton (i.e., quark and gluon) distributions in the nu- 
cleon in the framework of perturbative QCD. In fact several groups 0, ^, ||, Q have 
carried out the next-to-leading order (NLO) QCD analysis on the polarized parton 
distributions in the nucleon recently. These parton distributions may be used for 
predicting the behaviors of other processes such as polarized Drell-Yan reactions 
and polarized semi-inclusive deep inelastic scatterings, and etc. The first moments 
of polarized parton distributions are particularly interesting due to their relevance 
for the spin structure of the nucleon 0], where the axial anomaly plays an im- 
portant role [^. However, at the NLO and beyond in perturbative QCD, parton 
distribution functions become dependent on the factorization (or renormalization) 
scheme employed. 

Recently, the first moment of the real photon structure function gj has attracted 
attention in the hterature |10|, [ill. More recently, the present authors investigated 
the spin-dependent structure function gi{x,Q^, P^) of the virtual photonQ in the 
NLO in QCD The advantage in studying the virtual photon target is that, in 
the case -C <^ Q^, where —Q^ {—P^) is the mass squared of the probe (target) 
photon, and A is the QCD scale parameter, we can calculate the whole structure 
function up to the NLO by the perturbative method [|15|, |16|], in contrast to the case 
of the real photon target where there exist non-perturbative pieces in the NLO. 

In this paper we analyze the polarized parton distributions in the virtual photon 
target. The behaviors of the parton distributions can be predicted entirely up to 
the NLO, but, of course, they are factorization-scheme-dependent. We carry out our 
analysis in four different factorization schemes, (i) MS, (ii) CI (chirally invariant) 
(it is also called as JET) JT^, g, (iii) AB (Adler-Bardeen) |g, and (iv) OS (off- 
shell) , and see how the parton distributions change in each scheme. In particular, 
we examine in detail the axial anomaly effect on the first moments and the large- 
X behaviors of the parton distributions in each scheme. Gluon distribution in the 
virtual photon is found to be factorization-scheme independent up to the NLO. 



^ The NLO QCD analysis on gj for the real photon target was made by Stratmann and Vogel- 
sang ijl^. The leading order QCD correction to gJ was first studied by one of the authors |ll3|] . 
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Let Aqlix, P^), Aqlsix, P^), AG^{x, Q^, P^), AT\x, Q^, P^) be the fla- 
vor singlet-, non-singlet-quark, gluon, and photon distribution functions, respec- 
tively, in the longitudinally polarized virtual photon with mass —P^. In the leading 
order of the electromagnetic coupling constant, a = e^/iir, AV^ does not evolve 
with Q"^ and is set to be AT^f^x, Q^, P^) = 5(1 — x). In terms of these parton dis- 
tribution functions, the polarized virtual photon structure function gi{x,Q'^,P^) is 
expressed in the QCD improved parton model as 

gnx,Q\P') = f'^ {AqUy,Q',P') ACU-,Q') + AG^{y,Q',P') ACU-,Q') 
Jx y [ y y 

+Aqls{y,Q\P') AC^^^(-,g2)U Aq(x,Q2) (1) 

y J 

where ACg{AClig), ACq, and AC^ are the coefficient functions corresponding to 
singlet (non-singlet)-quark, gluon, and photon, respectively, and are independent of 
P^. The Mellin moments of is written as 

gUn, Q\ P') = AC^(n, Q') ■ Aq\n, Q\ P') (2) 

AC^(n,g2) = , AC^ , ACj^s , A^) 

Aq^in,Q\P') = (Aql , AG^' , Aq^^ , AT^) 

and the matrix notation is implicit. 

The parton distribution Aq'^ satisfies the inhomogeneous evolution equation 



where 



II p2|, The explicit expressions of Ag^, AG''', and Ag^^ up to the NLO are 



easily derived from Eq.(4.46) of Ref.[0]. They are givenQ in terms of one- (two-) loop 
hadronic anomalous dimensions A'y^j^'" {A^ylj^'"') = i/j,G) and A^y^^^g^ (A7^^"'), 
one-(two-) loop anomalous dimensionsAi^'j-"^'"' [AK^^^'"') [i = tp, G, NS) which rep- 
resent the mixing between photon and three hadronic operators i?" {i = ip, G, NS), 
and finally A^, the one-loop photon matrix elements of hadronic operators renor- 
malized at /i^ = P^(= -p^), 

(7(p) I RUf^) I lip))\,-=p- = = V^, G, NS) . (3) 



^ We use the same notations as in Ref . , except that the symbol A has been appended to all 
the spin-dependent anomalous dimensions and coefhcient functions. 
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Although gj is a physical quantity and thus unique, there remains a freedom in 
the factorization of gJ into AC^ and Aq''. Given the formula Eq.(|^), we can always 
redefine AC^ and Aq'^ as follows |]20[| : 

AC^{n,Q')^AC''{n,Q^)\a = AC''{n,Q^)Z-\n,Q^) 
Aq\n,Q\P^)^Aq{n,Q\P^)U ^ Z,{n,Q^) Aq\n,Q\ P^) (4) 

where AC'^\a and Aql^ correspond to the quantities in a new factorization scheme-a. 
Note that the coefficient functions and anomalous dimensions are closely connected 
under factorization. We will study the factorization scheme dependence of parton 
distribution up to the NLO, by which we mean that a scheme transformation for the 
coefficient functions is considered up to the one-loop order, since a NLO prediction 
for g1 is given by the one-loop coefficient functions and anomalous dimensions up 
to the two-loop order. 

The most general form of a transformation for the coefficient functions in one- 
loop order, from MS scheme to a new factorization scheme-a, is given by 

AC-: = ACi;^^-<e^>^zM 
ACj^s^a = AC];-^^ -^wMn,a) (5) 
= -^3<e^>zin,a) 

where < >= J^i^f/Nf, < >= J^i^t/Nf, with Nj being the number of flavors 
of active quarks and Cj being the electric charge of z-flavor-quark. The z{n, a) 
{z{n, a)) term tells how much of the QCD (QED) axial-anomaly effect is transferred 
to the coefficient function in the new factorization scheme. Note that AC'''' ^ 

7, MS 

has been obtained from AC^' with changes: asf^n — > {2a /as) x (as/^n) , 
< >^ 3 < >, and 3 is the number of colors. Once the relations (|]) between 
the coefficient functions in the a-scheme and MS scheme are given, we can derive 
corresponding transformation rules from MS scheme to a-scheme for the relevant 
two-loop anomalous dimensins. We flnd^ 

Hi:a = A^^^l'-- + 2z{n,a) A^^^i- + 4(3oWs{n,a) 
■^For detailed derivation of the transformation rules, see Ref . p4[ . 
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^l^Gh:a = A7^^^;^^-2.(n,a)A7(,°i- 

^iNs'^a = A7jJ];"^ + 4/3oW7vs(n, a) (6) 

AK^^X^ = A4;)^ + 2«;,(n,a)Aiff''^ + 4z(n,a)3<e^>A7i'2'" 

Airg)': = A4% + 4i(n,a)3<e^>A7;?i'" 

Aii'g);^ = A<)-^ + 2^^,(n,a)AirSi- 



+4i(n,a)3(< > - < > )A7 



NS 



where Pq = 11 — ^Nf is the one-loop coefficient of the QCD beta function. 

Since the one-loop photon matrix elements of the hadronic operators, and 
A^g in Eq.(|), are related to each other as A^g = A^(< e"^ > — < >^)/ < > 
and the sum (AC^' "/ ^+ < > + A^^) is factorization-scheme-independent 
in one-loop order we find from Eq.(B) 



^la = Al^ + 12<e'>z{n,a) 

^G, a = ^G, MS ^ ^ C^) 

ANS,a = A^s,MS + 12(<e^>-<e2>')^(^,a). 

Note that Aq = in one-loop order. 

It is possible to choose z{n, a) and z{n, a) arbitrarily. But, here, we are interested 
in the QCD and QED anomaly effects on the parton distributions in the virtual 
photon, and both QCD and QED anomalies originate from the similar triangle 
diagrams. Therefore, we take in the following z{n,a) = z{n,a). With this choice, 
the relation between the one-loop gluon and photon coefficient functions 

Ai?; = ^AB^ , (8) 

holds not only in the MS scheme but also in the a-scheme, where Ai?" and ABq 
are defined as 

ACr = < > {^AB-a + 0{aj) ) 
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^c:^' " = £3^/ < > {ab:; + ) . (9) 

Also in one-loop order we have ws{n,a) = WNs{n,a). Thus from now on, we set 
z{n, a) = z{n, a) and Ws{n, a) = Wns{^, ct) = w^n, a). 

Now let us discuss the features of several factorization schemes. 

(i) [The MS scheme] This is the only scheme in which both relevant one- 
loop coefficient functions and two-loop anomalous dimensions were actually cal- 
culated ^ ^ 0. In fact there still remain ambuguities in the MS scheme, 
depending on how to handle 75 in n dimensions. The MS scheme we call here is 
the one due to Mertig and van Neerven |26| and Vogelsang |2^, in which the first 
moment of the non-singlet quark operator vanishes, corresponding to the conser- 
vation of the non-singlet axial current. Indeed we have A7^)|^"^ = 0. Explicit 
expressions of the relevant one-loop coefficient functions and two-loop anomalous 
dimensions can be found, for example, in Appendix of Ref. |T^. In the MS scheme, 
the QCD (QED) axial anomaly resides in the quark distributions and not in the 
gluon (photon) coefficient function [|7|, |T7|. In fact we observe 

^^i^i'S = 24C^fT, ^ , AB^% = AB;=1^^ = . (10) 

Also the first moment of the one-loop photon matrix element of quark operators 
gains the non-zero values, i.e., 

^Tms = ^e^t-<e^ MS = < > (11) 

which is due to the QED axial anomaly. 

(ii) [The chirally invariant (CI) scheme] In this scheme the factorization of the 
photon-gluon (photon-photon) cross section into the hard and soft parts is made so 
that chiral symmetry is respected and all the anomaly effects are absorbed into the 
gluon (photon) coefficient function []I^ |T^. Thus the spin-dependent quark distri- 
butions in the CI scheme are anomaly-free. In particular, we have 

AB:^% = -2Nf, A7«;"=/ = (12) 
AB-% = -4, a;% = A-^=s]c, = . (13) 

The transformation from MS scheme to CI scheme is achieved by 

w(n, a = CI) = , z(n, a = CI) = 2Nf—^ — - . (14) 
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It has been argued by Cheng and Miiller and Teryaev [|l^ that the x-dependence 
of the axial- anomaly effect is uniquely fixed and that its x-behavior leads to the 
transformation rule (|l^ and thus to the CI scheme. 

(iii) [The Adler-Bardeen (AB) scheme] Ball, Forte and Ridolfi |jl9[ proposed sev- 
eral Cl-like schemes in which features of the CI scheme (Cl-relations in Eq.(|l^)) are 
kept intact. One of them is the Adler-Bardeen (AB) scheme which was introduced 
by requiring that the change from the MS scheme to this scheme be independent of 
X, so that the large and small x behavior of the gluon (photon) coefficient function 
is unchanged. In moment space we have 

w{n, a = AB) = 0, z{n, a = AB) = Nf- . (15) 

(iv) [The off-shell (OS) scheme] In this scheme |]19| we renormalize operators 
while keeping the incoming particle off-shell, 7^ 0, so that at renormalization 
(factorization) point /i^ = — p^, the finite terms vanish. This is exactly the same as 
"the momentum subtraction scheme" which was used some time ago to calculate, 
for instance, the polarized quark and gluon coefficient functions p8| , The CI- 
relations in Eq.(|12D hold in the OS scheme, since the axial anomaly appears as a 
finite term in the calculation of the triangle graph for between external gluons 
(photons) and the finite term is thrown away in this scheme. The transformation 
from the MS scheme to the OS scheme is made by choosing 



2 „^ . . ^ , . /I 1 

n (n + 1) 
7 2 3 1 2 



w{n,a = OS) = Cpl^ Si{n) + 3S2{n) — Si{n 

7 2 _ 3 _ 
2 n n + 1 ' (n + 1)^ . 

( n — 1 11 41 

^(n,a = OS) = nA- S,{n) + - + ---—--\. (16) 

I n{n + I) n [n + 1)^ ) 

It is noted that in the OS scheme we have Qg = A^^ os ~ ^ ^• 

Now we examine the factoraization scheme dependence of the polarized parton 
distributions in virtual photon. The two-loop anomalous dimensions of the spin- 
dependent operators and one-loop photon matrix elements of the hadronic opera- 
tors in the MS scheme are already known. Corresponding quantities in a particular 



^In fact, the author of Ref. treated the n — 1 moment of the gluon coefficient function 
differently from other moments [|l4| . 
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scheme are obtained through the transformation rules in Eq.(^. Using these quan- 
tities, we get the NLO predictions for the moments of polarized parton distributions 
in virtual photon in a particular factorization scheme. We find that the gluon dis- 
tribution is factorization-scheme independent up to the NLO , 



AG^{n,Q',P')\^, 



(17) 



where a means CI, AB, OS, or any other factorization scheme. This can be seen 
from the direct calculation or from the notion that, up to the NLO, AG'^'I^ satisfies 
the same evolution equation as AC^Ij^jg with the same initial condition at = P^, 
namely, AG^n, P^, P^)\a = AG^n, P', P')\^ = 0. 

(1) [The first moments] For all three factorization schemes, a = CI, AB, OS, we 
have 

w{n=l,a) = 0, z{n = l,a) = Nf for a = CI, AB, OS (18) 

These schemes, therefore, give the same first moments for the parton distributions. 
In fact, from Eqs.(g) and ([11]) we find A'^'^l = A'}fg] „ = . This leads to 



AqUn = l,Q',P')\a = Aq_ 



NS 



n 



1,Q\P' 







(19) 



in the NLO for a = CI, AB, OS. In these schemes, the axial anomaly effects are 
transfered to the gluon and photon coefficient functions. On the other hand, in MS 
scheme we obtainPl 



Ag2(n = l,Q^mMs = 
Aqls{n = l,Q',P')\y^ = 
For gluon distribution, we have 

AG^(r^=l,g^p2)|Ms 



a 



3<e^ > N 



1 - 



2 asiP^)-asiQ' 



-Nf 



-3( 



< > 



<e' >']N 



{l + Oia^)} (20) 



AG^{n = l,Q',P')U 



< e > i\ f 



(21) 



^ By NLO we mean that we consider a general scheme transformation for the coefficient functions 
up to the one-loop order, which is given by Eq.(|). 

^The detailed derivation will be reported elsewherep3 
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The polarized structure function gi{x, Q^, P^) of the virtual photon satisfies the 
following sum rulefl^, |29[| : 



Jo 




+ 



Qa r 



<e' >Nf 



y2\ 



2 as{P')-a,iQ' 



TT 



0{al). (22) 



This sum rule is of course the factorization-scheme independent. Now we examine 
how the scheme-dependent parton distributions contribute to this sum rule. In the 
Cl-like schemes (a = CI, AB, OS), the first moment of the quark distributions vanish 
in the NLO, and thus the contribution to the sum rule come from the gluon and 
photon distributions. Since 

Aq:r = --<e^>Nj(l-^] (23) 



7r \ TT 

17, n=l 



we see that [AC^ I'^AG^in = l,Q^,P^)\a + AQ ^=i] leads to the resuh (H) 



On the other hand, in the MS scheme, the one-loop gluon and photon coefficient 
functions vanish, Ai?""i-r^ = AB"^^^ = and, therefore, the sum rule is derived 

' G, Mb 7, MS 

from the quark contributions. Indeed we have in one-loop order 

T^^C'J' S = ^CJ;,% = (i - ^^^^ I (24) 

and find that 



^^1: S ^qUn = 1, Q^ P^)Ims + ^Cns% ^^Nsin = 1, Q^ P^)Ims (25) 

leads to the same result. 

It is interesting to note that the sum rule ( P^ is the consequence of the axial 
anomaly and that in the Cl-like schemes the anomaly effect resides in the gluon 
contribution while, in the MS, in the quark contributions. Furthermore, the first 
term of the sum rule ( p2l) is coming from the QED axial anomaly and the second is 
from the QCD axial anomaly. 

(2) [behaviors near x = 1] The behaviors of parton distributions near x = 1 are 
governed by the large-n limit of those moments. In the leading order (LO), parton 
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distributions are factorization-scheme independent. For large n, Aqg{n, Q'^, -P^)|lo 
and Aq1s{n, Q^, P^)|lo behave as l/{n In n),while AG^(ra, P^)\ho oc l/(n In nf. 
Thus in x space, the parton distributions vanish for x — 1. In fact we find 



AG''ix,Q'',P^)\^o 



a 



An 



AnasiQ^) 
a An 
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4 In (1 



x] 



(26) 



Nf<e'>- 



— In X 



2 In" (1 - x ) 



An a,(Q2) 

The behaviors of Ag^^(a;, Q^, P^) for x ^ 1, both in the LO and NLO, are always 
given by the corresponding expressions for Aqg{x,Q^, P"^) with the replacement of 
the charge factor < > with (< > — < >^). 



In the MS scheme, the moment Aq'g{n,Q'^, P"^ 



I NLO, 



behaves as (In n)/n in 



large n limit, while AG^{n, Q^, P^ 



I NLO, MS 



oc l/ra^. Thus we have near x = 1 



a 



AqUx,Q',P')Uo,us ^ -iV^ < > 6 [-ln(l 



X 



(27) 



a 



AG^(x,Q^P^)Ulo,ms ^ i^^/<^ >3 



-In a; 



It is remarkable that, in the MS scheme, quark parton distributions, Aq1{x)\j^-^Q 
and Aq'Jfg{x)\^^Q ^jg diverge as [— ln(l — x)] for x — > 1. Recall that AC^Inlo is 
scheme-independent. The NLO quark distributions in the CI and AB schemes also 
diverge as x ^ 1. In fact we obtain for large x 

a 



Ag^(x,Q^p2)|NLO, CI 
Ag2(a;, Q^P') Inlo, ab 



An 

a 

An' 



Nf <e^ >6 
Nf <e^ >Q 



— ln(l — X 
-ln(l-x) +2 



(28) 
(29) 



On the other hand, the OS scheme gives quite different behaviors near x = 1 
for the quark distributions. We find that the moment Aq^^n, Q^, P^)|nlo in the OS 
scheme behaves as 1/n for large n. Thus, in x space, Ag2(x, Q^, P^)|nlo, os does 
not diverge for x — > 1 and approaches a constant value: 



Ag2(x, Q^P^) Inlo, OS 
We can show 112 4|| that, as x 



a 



—Nf <e'> 
An ' 



r69 3 ^ ■ 

h -Nf 

8 4^- 



(30) 



1, the polarized virtual photon structure function 
gi{x, Q^, P^) in the NLO approaches a constant value 



K 



a 
An 



Nf <e^> 



51 3^ ■ 

h -Nf 

8 4^- 



(31) 
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and the result is factorization-scheme independent. In the MS, CI, AB schemes, 
the NLO quark parton distributions and hence their contributions to qKxjQ"^, P"^) 
diverge as [— ln(l — x)] for x — 1. However, the one-loop photon coefficient function 
AC^(x) in these schemes also diverges as [— ln(l — x)] with the opposite sign and 
the sum becomes finite. On the other hand, in the OS scheme, both the quark 
distributions and photon coefficient function remain finite as x — > 1. Therefore, as 
far as the large x-behaviors of quark parton distributions and photon (also gluon) 
coefficient functions are concerned, the OS scheme is more appropriate than other 
schemes in the sence that they remain finite. 

The constant value k in Eq.(PT|) is negative^ unless Nf > 9. Consequently, 
it seems superficially that QCD with 8 fiavors or less predicts that the structure 
function gi{x, Q^, P^) turns out to be negative for x very close to 1, since the leading 
term gi{x, Q^, -P^)|lo vanishes as x ^ 1. But the fact is that x cannot reach exactly 
one. The constraint {p + g)^ > gives x < Xmax = Q?+p2 , and we find 

gJ{x = Xmax,Q\P^)\i^o > —Nf<e'>Po (32) 

47r 

and the sum gj^x = Xmax, Q^, -P^)|lo+nlo is indeed positive. 

(3) [Numerical analysis] The parton distribution functions are recovered from the 
moments by the inverse Mellin transformation. In Fig. 1 we plot the factorization 
scheme dependence of the singlet quark distribution Aqg{x, Q^, P^) beyond the LO 
in units of {3Nf < > a/7r)ln(gVp2). We have taken Nf = 3, = 30 GeV^ 
p2 = 1 GeV^ and the QCD scale parameter A = 0.2 GeV. All three Cl-like (i.e., 
CI, AB and OS) lines cross the x-axis nearly at the same point, just below x = 0.5, 
while the MS line crosses at above x = 0.5. This is understandable since we saw 
from Eqs. (|IU], ^D|) that the first moment of Aq^ vanishes in the Cl-like schemes while 
it is negative in the MS scheme. As x — > 1, we observe that the MS, CI, and AB 
lines continue to increase while the OS line starts to drop. We also see that the MS 
and CI lines tend to merge and the AB line comes above those two lines. These 
behaviors are inferred from Eqs. (^-|29|, |30|) . 

Fig. 2 shows the Q^- dependence of Aqg{x,Q^, P^) in the OS scheme in units 
of (3A^/ < > a/7r)ln(gVp2). Three lines with = 30, 50 and 100 GeV^ 

^The constant value k coincides exactly with the one given in Eq.(4.39) of Ref . ]30| , which was 
derived as the large n limit of the moment of the NLO term 62(2;) for the unpolarized structure 

2 
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almost overlap in whole x region except in the vicinity of a; = 1. Indeed we see from 
Fig. 2 that in the OS scheme Ag^ beyond the LO behaves approximately as the one 
obtained from the box (tree) diagram calculation, 

A5?^°^)(x, g^ P') = (2x - l)3iV, < > ^ In 1^ . (33) 

Concerning the non-singlet quark distribution AqJfg{x,Q^, P'^), we find that 
when we take into account the charge factors, it falls on the singlet quark distribution 
in almost all x region; namely two "normalized" distributions Aqg = A.qg/ < > 
and Aqlfg = Aq1fg/{< > — < >^) mostly overlap except at very small x re- 
gion. The situation is the same in all four factorization schemes. This is attributable 
to the fact that once the charge factors are taken into account, the evolution equa- 
tions for both Aqg and AqJ^g have the same inhomogeneous LO and NLO AK terms 
and the same initial conditions at = P^. 

In Fig. 3 we plot the gluon distribution AC^lx, Q^, P^) beyond the LO in units 
of (3A^/ < > a / 7r)\n{Q'^ / P"^) , with three different values. Note that it is 
factorization scheme- independent up to the NLO. We do not see much difference in 
three lines with different Q^. This means the AC^ is approximately proportional 
to ln((5^/-P^), or l/as{Q'^) ■ But, compared with quark distributions, AG"'' is very 
much small in absolute value except at the small x region. 

In summary, we have studied the factorization scheme dependence of the parton 

distributions inside the virtual photon. The scheme dependence is clearly seen in the 
n = 1 moments and the large x-behaviors of the quark distributions. More details, 
together with the analysis on the scheme dependence of parton distributions near 
X — 0, will be reported elsewhere. 
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Figure Captions 



Fig. 1 Factorization scheme dependence of the polarized singlet quark distribution 
Aq'^s{x,Q^,P^) to the NLO in units of {3Nf < > a / 'n)\n{Q'^ / P^) with 
Nf = 3, = 30 GeV^ = 1 GeV^ and A = 0.2 GcV, for MS(dash- 
dotted line), CI (solid line), AB (short-dashed line), and OS (long-dashed 
line) schemes. 

Fig. 2 The polarized singlet quark distribution Aqg{x,Q'^, P^) to the NLO in the 
OS scheme in units of (3A^/ < > a/7r)ln((5^/-P^) with three different Q'^ 
values, for Nf = 3, P^ = 1 GeV^ and A = 0.2 GeV. 

Fig. 3 The polarized gluon distribution AG'^{x,Q'^, P^) beyond the LO in units 
of {3Nf < > a/7r)ln(QVp2) ^j^j^ ^Yiree different Q"^ values, for Nf = 3, 
P2 = 1 GeV^ and A = 0.2 GeV. 
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Fig. 3 



